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(54) Pilot interference cancellation for a coherent wireless code division multiple access receiver 



(57) A Code-Division Multiple Access (CDMA) re- 
ceiver is disclosed which removes the pilot signal from 
the received signal. The pilot signal is defined by its mul- 
tipath parameters (amplitudes, phase shift and delays) 
and its signature sequence. Since this information is 
known at the user's receiver terminal (i.e., handset), the 



pilot signals of the interfering multipath components of 
the baseband received signal are detected and re- 
moved prior to demodulation of the desired multipath 
component. The pilot signal may be cancelled prior to 
or following the data accumulation stage. The pilot sig- 
nal cancellation can be switched on and off depending 
on the detected path signal level. 
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Description 



Field Ot The Invention 

This invention r^^^ 
MC-CDMA receiver using pilot interference cancellation. 

Ra^kg round P * The Invention 

Code-OrvislonMultipieAccess^^^ 

using a rake receiver In a coherent implemen ^ ^ n the case of the S-95 CDMA system, the plot 

and phase estimates of the channel ^^^^^'^ that in the rare case of no multipath d»persm 
signal is designed to be orthogonal to the ^ ^ed Wer output for the desired user. However, if there ,s mult.path 
the pilot signal will not cause interference at the m ** e ^™^e< output due to a variety of multipath components 
dl^rslonTthere will be unwanted ^ 
which arenotorthogonaUothedes.reds^ 

its matched filter output will have unwanted ™ £ e ilot signa , represents about 20 percent of the power 

, components of the other ^^^^^^P^ damaging to a desired user's bit dee.son v« the 
of the downlink signal, its ^P^.^Sc^neTls high. Undesirab.y, conventional rake rece,vers do not 



25 g..mmarv Of The Invention 



Summary " ■ ™« ■■■v^"— . 
reived signal The pile! signal is defined by * 'J™^^™,^, imal (i.e„ handsel), the pilot signalsol 

user data channel and a separate pile. ^""uZ ^Z< " The CDMA receiver comprises L path demodulators 
data channel is orthogonal to the pilot channel tor a 1rom a CDMA sig „ a l received over °™ °< «™ ^ 
each demodulator tor estimating a data channel and a -P™ o| L 5ublrac ,o, means. Each of he 

pathsandfo, generating L-1 —^^^o^al ' * °"" 

pr=u=;^^^^^^ 

ou , pu „ed,rom «s ^jK^SSETp*-. invention, the pilot signa, cancel^ can be switched on and 
o„ ,TX^^^ LL ^ exceeds apredetermined levei. 

Hiirf Hr-rrir""" n< The Doings 

3 

In the drawings, 
invention, 

5 ^ ^ 2 ^..^.~.^--^<™^ M ~^"'^ ,, "~• 



Fig. 3 shows 



a simplified block diagram of an illustrative CDMA receiver, 
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Fig. 4 shows a prior art "RAKE" finger architecture for a coherent CDMA receiver, 

Fig. 5 shows a basic demodulator structure of the Pilot-on-time and Data 1 on-time complex correlators, 

Fig. 6 shows an illustrative block diagram of our inventive pilot cancellation scheme as applied to a two finger 

coherent CDMA receiver, 

Fig. 7 shows a first embodiment ( Detector A ) of a ore-demodulation cancellation scheme in accordance with the 
present invention, 

Figs 8 and 9 illustrate timing-charts for Detector A of Fig. 7 which show how the channel estimates for pilot re- 
construction are obtained with respect to the symbol timing, 

Fig. 10 shows a Detector B which uses recursive pre-cancellation without buffering, 

Fig. 11 shows the timing diagram for the Detector B of Fig. 10, 

Fig. 12 shows a Detector C which uses recursive pre-cancellation with buffering, 

Fig. 13 shows a simplified illustration of the pre-cancellation scheme in accordance with the present invention, 

Fig. 1 3A shows a simplified illustration of the post-cancellation scheme in accordance with the present invention, 

Fig. 14 shows a diagram of a Detector D which uses post-cancellation, 

Fig. 15 shows the timing diagram for the Detector D of Fig. 14, 

Fig. 1 6 shows a diagram of a Detector E which uses multistage post-cancellation, 

Fig. 17 shows an illustrative block diagram of our inventive pilot cancellation scheme (according to detector B) as 
applied to a three finger coherent CDMA receiver, 

Figs. 18 -20 illustrate the need for pulse-shape Reconstruction Low Pass Filter (RLP), 
Fig. 21 shows a FIR-implementation of a RLP, 

Fig. 22 showsan illustrative two finger coherent CDMA receiver including switchab.e pilot interference cancellation, 
in accordance with the present invention, and 

Fig. 23 shows an illustrative three finger coherent CDMA receiver including switchable pilot interference cancel- 
lation. 
Detailed Description 
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is sufficient since it is a synchronous CDMA hnk. ^ r ectively . The outputs of the 

The outputs from coders 104-105 ^^^oT^ and 109 using radio carrier frequency signals cos 
FIR filters 106 and 107 are then- "P^'T^u^SUj 109 are radio frequency signals which are comb.ned 

Fig. 2 shows a simplified block d.ag am £ an "^^^n^ by modulators 202 and 203, using rad,o fre- 
radio frequency signals received vja an enna ^201 are down. ^ ^ ^ ^ 

quency signals cos«o c t) and ""^^P^^e^ to produce a resulting baseband I and Q signals. The 
anti-aliasing LPF (Low Pass Filter) 2 ^^^^^ a CDMA RAKE receiver 208 operating under control of 
and Q signals, are then further decoded and d W™^W 21 0 Th e DSP forms a weighted average of each 
Digital Signal Processor (DSP) 209 to P^^^^^LkB a different multipath component, 
of the data signals received by finger with pilot interference cancel.ation, we first 

Before we discuss the embodiment of our CDMA *m od£ jb ^ ^ m ^ 

review the operations of a pnor art CDMA RAKE rece^ n^A ^ |n Qur qqma system there w II 

, signa.s in a multipath environment ™ ^ corrections between the desired and interfering signals 

be interference due to. ot good (but not optimum) performance. 

. 1) .CommunicationTechniqueforMu,tipathChanne. 
46 Pages 555-570, March, 1958 

3, -Digital Communications" by J. G. Proakis; McGraw-Hill, ,989 
Hg^howsanlllu—c^^^^^ 

Anaiog 1 signals (I) and Q signals (Q) %'^^^^ a and control, as wan as common timing 
Control logic circuit 303. provides Digital Signal! ^ ~ es ^ r ^ ' undBr ^ro, of signals reserved over 

and control functions 5£j££h ««* 304 emulates the total recerved 

- s^o,,^^ 

3o^^rr:== 

finger units 305-308 logic to a.low ils rise asa highspeed 

50 sl 9" al ... ,„,» RAKE tinaer lor a coherent CDMA receiver lor use in a IS-95 forward to* 

Fig. 4 shows a typical embodiment °' a n X!JShas three complex correlators, one lo, delecting pilot on-fme 
A basic IS-95 RAKE finger in a coherer* CDMA ™™°2™™Le 404( which together recover the timing signals > 
402, one lor detecting pilot early/late 403 , and <™£££££Z, a si „gle Walsh channel by data complex correlator 

This arrangement allows the <^^^^X^ °»« DSP bus "> a DSP ^ , 406 

£5 404. The data output of correlators 402-404 a , ther °*P U «^ The ^ , unc , ion generator 406 

cS=SSS==£==sr 
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T Chip-Duration in seconds 

C _j_ chip-rate. IS-95-.1.2288MCP8 

" C r _ \ Bit-rate ( = symbol-rate), IS-95: 19.2kbps 

Number of chips per symbol (bit), IS-95: 64 

PBot gain (in comparison to single user amplitude) 

Num bero 1S am,esta^ 
p Q-channel 

Y , +5 AT Delay of Hh mutopath component to the main path 
H ' ' com ponen,.w rt hA,as th e i n«e g erpa-t( d e.ay i nc hi ps),and 
as the fraction* part (d el ay in --fractions of a ch,p); A 
and 5 are integer values with 8 = 0...p- 

de , ay ,op*0,„ SU ^ 1 p S :^ h ,pcon sl s,= o,p S ^,p S , 0 = Oas S u™a ) 
Number d ™uipath components; indices are fe 0...L- 

^^^^ 

p^^^^--^- — ^ ,,-0e-,d,hGrt 
code, pilot code) 

symb „U i9 na tU ,^ ( Wa,sH.oo d e ) o t ,,a, m Po, toimU »P*caa 1 pc„anU (US a- k , 
vector elements are real 

COTP , e ,.a„„a,e 6 ,, m a 1 ao b ,a,na, lr o m ^s ymM H 0rmU ,pa lh co m pc,aaW ( . 1 s, S 
not a vector) 

se , „, avaiiabie channel estates lor m.ltipath component / 

reliab ,e channe, estimate (e., avera 9 in, FWJM-nn* the 

, ate s, estimate which can be used in the caption is that o, 
symbol n 

MM. output °< <»* «* MmPOnenl ' 
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r ,. 0[i]=r[/ the whole composite p times oversampled complex signa. at the 
sub-chip rate pR c 



_(., the received signal vector, pR c 

Conventional Receiver 



complex correlators ( 402 and 404 ol F,g. 4 respec vel « *" \ a , P unclioo while -503, 507. 508 proy.de 

3rrn,rr^^^^ 

and analysis. As shown, the input signal is 



(i e the I and Q inputs of Fig. 4). rnmolex QPSK DS/CDMA baseband signal ( after down 

( The incoming signa. r[i], illustratively, is ^^^^S^te one out of p samples per chip for further 
conversion ) with p samples per **"^ n ]^ p £ perly aligne d short-code PN-sequence p "> , 

processing. By multiplying the signa. r^fl. -n ™ p J or * e6 Y Ftom the resulting signal from mun.pl.er 

received from complex conjugate c,rcu.t 50fc p. lot J^^J p branch (accum u.ation over one symbol). The 
503, a channel estimate &/J is obta.ned from the ^^^ C[imu{aXor 504 , option ally Channel Estimate Algo- 
upper branch ca.led a 'chaKne. estimation ^^^^Z^ channel coefficients for a particular mult.path 
rSSn Block (CAL) 505, and complex ^^ e ^ n 2^2^el«mBle for the current symbol may be enhanced 
may not va^ much from symbol to symbol, the channel coefflc cyrrent QUtput from 504. 

by CAL 505 which produces a weighted av erage ff^^ anch> or . data correlator" 507-508, recovers the 
Removing the signature code s (Wals^co^ 

shown a. a Digital Signa, Processor (DSP) 620 o. Fig £ ^ ^ a , (M sym6o , ra ,e. (It Is 

Regarding CAL block 50 5. « . '^I pS channel amplitude since they are obtained by corre- 

/^(/).») - 

estimate «*ich can be Included in the .<^^^ t £^,tL*.rM£ like tading and VCXO^se. srnce 
The gain o. the CAL-algorithm is <**™%T'£*l ^"The averaging (or: linear interpolation also possible). II 
the channel parameters should remain almost constan du r,n h ajl ^ ove( b0 , 

7^rrrd=^^ 

^Trr^SHTo rnrneTirrerald»,e,en,imp,emen,,iona,,ema,,eso,ourp,lot 
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Moo unit 520, wteh a 2"P* "SKal and .hu S 2 demcdulaU,, fingers, finger 0 

Pre-Demodu '^'"" Cancelation Schemes 

ln pre -demodu,ation cancel sc.e.es the pi.ot interference cancelation (subtraction) is performed on the 

^Se^^^ 

our receiver example of Fig. 6 receives -gnals o er I ^ operate to demodulate the different path 

three or more fingers of a receiver (see F, 9 p f^ e ' "bribed The receiver incur example receives a compose 
signals601 and602,respectively, ^^^^ 0 and path 1. The signal of these paths 0 and 

signal and does not know that ,t f^J^^Z signals represent about 20 percent of the power of 
1 differ in attenuation a. phase 0 and path delay *. ^ Qf n 1 can be e ,iminated from the receded 

the received path signal, we have recognized that ^f the the p g atjQn 

signal of path 0. and vice-versa, ^"^^^S^ to additionally include a pilot reconstruction circuit, 

'^."^^^^ 

samples prior to demodulation. subtracted in adder circuit 608 from the path 0 signal. The 

Similarly, the recovered pilot signal f rom path » and path 0, respectively, are then more accurately 

resulting path 0 and path 1 signals minus the ^ * "J^* gs £ revjously describ ed, the output signals ^from 

a ■ Pilot Cance »^inn with Buffer (Detector A) 

, Fo , e aen finger ,, c— a cnannei -or - « m-P- -ponen, from .ne receded s i9 na, and re- 

40 construct the pilot using this estimate. 

by the other L-1 multipath signals. 

45 3 Demodulate the resulting signal. 

Fig . 7 shows a structure which works ^^e^^ 
numbered blocks operate in the same manner as the 520 previously described in Fig. 5. The blocks 

5o£and520' operate the same as operate a^ 
so 700 and 700' are separate pilot "^^^f^^ pilot detectors 700 and 700' is taken into account 
have been normalized (by 705 and 705' . The • P^ 5 ^ ° h res P pectively . The RLPs 701 and 70V are necessary 
using RLP b,ocks 701 and 70V a^'No e i w^d^d not consider the pulse-shaping the Bit Error Rate 

if the delays are not in multiples of the <**P™™*"- ™ ' ribed in a later section. _ . 

70V are reconstructing the pilot signal RLP-delay buffer r° is needed (with D 
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symbol), the influence of an alignment-buffer 



the non-pulse-shaped output from RLPbiociwu. h 

and 700° ), which is used for the pilot ^^^^ZLtito accumulations and CAL-blocKs per J ger 
and 520" . In such an arrangement, we do no need two pn cance „ ation and thus th.s arrangement w>ll have 

some chips (t 0 = 0 assumed). 



B »—.r«i™ Structu. r with— 'Detector Bj 

0, and Off ( WD • ™£ ^™., U o,,cn Is dona in eta*. 10J0 ^ 
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same manner as the Idea*** "'^Z^J^TZ** es.ima.es timing .or P»=t recons.ruc.ior,. » 
1 (small parts work with estimates of symbol n, n-2). 
Performa nce - Detector B 

in performance decrada.ion in a last tec a „ lc9 side . sB8Ct: No „ aven .he channe. es.ima.es used lo, 

reC o=nV^.^ 

n- Recursive ^-Mure with Buffer (Detector Cj 

TheFi,l2showsacombinationo = ^ 
having the latest channel estimate available ^P^^^a^ ot the pilot reconstruction benefits from a 
recursive loop (i.e., 1010 and 1010') so ^^^^f 0 Z e ^ l ^ 0 e M ^2^0)ad ti ^?^^ 
previous pilot cancellation. As shown the recursive loop b.ocK i ^ q sjmjlarly ^ fec 

trom path 1 to be subtracted from ^ -gna, .nputte ^e p^ot d q ^ ^ from ^ 

•-^^^ 

as the identically numbered blocks <*P^1 F W™^ the channe , estimates for the pilot reconstruction, is similar 



for the pilot reconstruction 
Perform? "'** - Detector C 



penormance • tw ww.w. - 

Oe.ec.orCcomfcinesho.h.he.es^^ 
,o, piio. reconsmrCion which is «™ ^ ^ , e add La, hardware complexly (symbo,**,, a 

:z 9 d a prr 0 s^ 

Pn S t-Accumul °*i"" Cancellation Schemes 



motivation 

& ■ Post-Demo ""'""™ Cancellation (Detector Dj 



,n the pre-cancellation schemes, e.g., Fig. 13, the reconstructed pilot signal 



cellation on the symbol-rate samples selectors 5Q1 and 501 ' ; CAL circuits 1401 

With reference to Fig. 14, the °e e ctor Djs showr Mnd^Q « cjrcujt ^ yhe operatlons of on . 

and 140V. demodulators 520 and 520, p ol ^iJ^J ^o' hav^ previously been described. 

time selectors 501 and 50V and demodulators 520 ^ d 520 have P r J rately ( jn pjlot detec tors 1410 and 
The Detector D uses a reconstructed p " «9"J * a C , C U the channel estimate ( from demodulators 520 

U10-) and multiplied ( in multipliers 1402 '* 3 ^^^ ^ suiting pilot signals from 1402 and 1402' are 

and 520' and CAL circuits 1401 and 1401 ) ^^^^J^ demodulators 520 and 520'. respectively. The 

demodulators 520 and 520', respectively. 
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7n , of pin 7} necessary anymore 

Aniceside-.ectote— 
„ performed with WtW*^ f™, ex p,icit.y shown in the drawings 

BJMSfiM^^ . luslng a channel .stimata which took 

TneDeteetorDpo^anc*— 
; advantage ot a previous P« '^ ^actor. 501 and 50V CM. t403'.<heoperations 

E§d2II!!9n££ ^ £ ^ htl better) to Detector C, since all channel estimates used tor 

25 The performance of ^^^^e^'^- f a bet ter channel estimate. But most 

-YtTc^^ 

F . rvom ple of a 3 fin ^ejisjrucUiie r that uses recursive pre-cancel- 

» channels canceled ^^"^fTw 
viously described tor Detector B ot Fig. lu. 

S^^^ 2 *^^ ne „tsw«cha,eda 1 a y ed,n„ac,io.so,r o( o„0,.Then,hepu 1 s.. 
«, M os,o„he.ime,he,ewi 1 ,heme«ipa.hcomponen,*,cha 
shaping has to be taken into account. 

t^»Si<S^S9SmS«!ia»Bl!^^ B »«li«er(BLP) when the timing oflsata 

. T be Fi ge.tB,0,,e,,a,e,heneedota £ ^ 
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with normalized Nyquist pulse shape 



. / -A cos(7ia 0# i) _{l^-Q (-2) 
hfcsmc^)^— y\0,i*0 (ISI-free) 

and roll-off factor a off (IS-95: a off = 0. ); /is a sub sub . chip index. 

Shown in Fig. 18 is a short-code w * ol a Nyquist-raised cosine filter, up to 4 sidelobes. 

Shown in Fig. 1 9 is a normalized time domain .mputae ^^ m ^ convonenl 0 . The above pilot signal may 
Shown in Fig. 20 is an examp.e of the pulse-shaped ^^JW are P (jdeally) either + 1 or -1 (normalized) 

belong to multipath component 0. Then the ^"^StS no S o neighbor-impulses at the on-time samples). 

since a Nyquist-pulse shaping filter was used .n he t«nsm^^ 9 ^ ^ ^ mgtched mf 

the pulse-shape of the pilot signal 0 at he on-time samples of th p ^ ^ pulse . shape of 

to cancel out the pilot signal of mult.path ^P^^^"^ we no longer assume delays in multiples of T„ 

.ution summation in (*1 ) by a finite number of ^P^^^^pJs filter (RLP). The F.R-coefficients are a l5 

th eothercoe ff icientsbecomezero.Thisistr U eforde,ays that are integer multiples of T, The pulse-shaped output at 
the chip-rate is 

piloti' Q [i] = ^a Jfi -p'' Q [i-j] 
5 now with /as a chip-sample index, and p^fl as the short-code sequence. 

p.r.h« As pects for | ( r r l " mtntlna the RLP 

pilot pulse-shape. 

and 4 bit values the table size is 64 bits. 
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Nhina^alueso^e^ 

The size of this table would be 2".p v a' ues ° . ^ h N J 4 1 p = 8 and 4 bit values - the table s.ze 

.Theprocessingdefcyatthech^^^^ 

middle of the tapped delay line (see above Fig. 21 , point X). 

daisy o«se,s 5„ % to. L is the - .or both we |u« need to add a 

Additional Implementations 

.nsimuiationsoffastfadingenvi— 

"^pl^^ 
cancellation for the 

to a short deep fade). The signal power of each multipain p threS hold detector. 

Thus, there is no additional ^^^^^^^L whether pilot interference cancellation for 
According to another feature rt*e preaentiiw entio n as« m ^^.^ {q g m]nimum 

a particular pilot signal shouid lor .houta no ^ u m ^^ g linear comb iners and a threshold device. Hence 

- optimum set of pilots to cancel and theo y ,mp 

performance of our pilot '^ e ^ e ^ C ^Z 'Reiver of Fig 6. with the added switch capabir,ty(2201 , 2202) 

Figure 22 shows an enhanced RC f 
controlled by Decision unit 2203 Let G<? be the eel I of ^ ots whic ^ ; Hence^) is a subset 

n. Since pilot / is required to estimate the channel for pat U cann cancellation sets is G<"> = {1 ,2} G*? 

of the set {0,),,-,y,-,L -1; y> / . (For f^^/X tol^n«ectloS and the channel estimates^ and d$. the 
= {0,2}, and = {0}.) Using the c ^ ^^g^'SS^i) ,or pilot cancellation on the next symbol interval. 
Decision unit 2203 determines the cancel la . °" sets O an ^ ^ jnput [Q f|nger , on 

cancellation occurs tot finger 0- <,,l„„.,hake receiver Fig 23 is essentially Fig. 17 with the addition 

Figure 23 showsthe implementation lor an ^^^^ 

o, DeeLn unit 230, and " math <ne ZpShdet o, the tinge, .rem which we are can- 

a separate Reconstruction Low-Pass Filter PLPfT. » mate * ^ 171Q . ^p^^iy) 

, eelingthepiiot.Forexarnple.*^ 

novation of the S w»ch Mechanism 

function of the switch set 

/: yr(G, (n) • 
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Hence our objective is to evaluate the following: 



l/-o i-o ) 



(3) 



y, = E(y,{G,) 

,5 and the expectation is taken with respect to the random spreading codes, the inter! erers' data bits, and the background 
thermal noise. Evaluating the right hand side of (3), we have 



0 

= Z^0,(G ; /)) 



Hence the variance of the sum is the sum 
becomes 



of the variances, and it follows that our original decision rule in (3) 



(4) 



(5) 



G<"> =argminFar[y / ( " ) (Gr)] /-0.-.Z-1 

40 A 

It can be shown that the MMSE set Gt"> is: 
place of &'?)(G<'?)) to give us the cancellation set: 

|aJ-'(<5;- -)f a ^[cr-fc;- - ") } y * /} (6) 
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The decision to 



cancel pilot / depends only on the corresponding estimated channel power 



fcr@rT 



and the ^oHhe channel — - 

reconstructed pilot interference will actually .ncrease the ^ M ^ ^ ™ consequently, the set is not 
does not depend on the finger /, the target Anger ^P^^^^^ allowed to cancel pilot Mrorn finger 
auction of,, except of 

/. ^Wj^K^^, are^ot allowable according to (5) or (6) since pilot 1 ,s .canceled 
these sets are represented using GC> = {0,2} Defining 



it can be shown that: 



F(/,n-l,G <n - !> ) = 



(7) 



W here*is the spreading^ 



K(/ ) «-l,G ( "- ,) ) = - 



jK/jeG}"" 1 ' 



2a 2 



(8) 

,. .• A(n> // - o... is determined using the following steps: 
Hence on each symbol interval, the cancellaHon set (I- 0- L 1) is determ.n 

. Calculate the channel estimate variances VUn-1>D) for /= 0-L-1 using (8). 
. Determine &"> (/= 0-L-1) using (6). 
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♦ w na1 h hi-0 L-n is hiqh (i e , greater than the variance of this estimate), then the associated pilot signal 
estimate for path / (/_ 0--- L 1 ) '* h '9^ f gnd snould be canceled from the other L - 1 rake finger inputs; 

~e™wero™ 

using this pilot should n * °^" r ; described for use in a forward link utilizing a Walsh code pilot fre- 

Whi,S Z T^^^J^r^^ft should be noted that many other well known codes which 
qu^^^^^^^^uJSJin both the CDMA transmitter and CDMA receiver (typically in the 

described for use in a coherent toward link they may also be 



used in a coherent reverse link 
Claims 

subtractor means, and 

from the signal inputted to its demodulator. 

the signal outputted from its data and pilot accumulators. 
4 The CDMA receiver of claim 2 wherein 

wherein 



the demodulator inj 



put is obtained by buffering the incoming chip-rate signal for one symbol. 



Z both reconstructing the pilot signals and demodulating the previous symbc. interval. 

6. The CDMA receiver °\ c ^ ^^ an ^ estjmatjon over one symbo , cancels out pilot signals reconstructed 
l^^Z^^^:^ recent channel'estimate is taken from the previous symbo, 
interval demodulation. 

algorithm that has the most recent channel estimates available. 
8. The CDMA receiver of claim 7 wherein js used for instructing the pair of 
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processed pilot signals which is used for cancellation on the pilot accumulator signals. 

9 The CDMA receivers of claims 1 including 
" Reconstruction Low-Pass Filters ( RLP ) for reconstructing the pulse shape of the pilot cancellation s.gnals with 

respect to the delay times of the other L-1 demodulators. 
10. The CDMA receiver of claim 9 wherein the RLP filter is implemented using a Finite Impulse Response ( FIR ) filter. 
" 11. The CDMA receiver of claim 10 wherein the FIR filter is implemented using a look-up table for the coefficients. 
12. The CDMA receiver of claim 9 wherein the RLP filter is implemented using a look-up table. 

13 The CDMA receivers of claims 1 including 

' a switch means in each demodulator to switch on/off the generation of the L-1 cancellation signals according to 
the signal power of its designated multipath component. 

14. The CDMA receiver of claim 1 wherein the pilot channel is orthogonal to at least one user signal channel. 

15. The CDMA receiver of claim 1 wherein the pilot channel is non-orthogonal to the desired user signal channel for 
a given path and wherein each demodulator generates the L-1 cancellation signals and an additional cance lation 
signal for cancelling out the non-orthogonal pilot signal of its own multipath component prior to its demodu atjon, 
the cancellation of the non -orthogonal pilot signal occurs by using an additional subtraction in each of the L sub- 
traction means. 

16. The CDMA receiver of claim 1 wherein the plurality of signal channels are encoded using Walsh codes. 

17. The CDMA receiver of claim 1 wherein the at least one user uses a plurality of signal channels. 

18. The CDMA receiver of claim 1 wherein the coherent CDMA signal includes at least a Q and an I signal channel. 

19. The CDMA receiver of claim 1 being part of a user station of a CDMA system including at least one base station 
and a plurality of user stations. 

20. The CDMA receiver of claim 1 being part of a base station of a CDMA system including at least one base station 
and a plurality of user stations. 

21. The CDMA receiver of claim 1 including 

means for channel weighting the output of the subtracter means and 
means for combining the weighted outputs. 

22 A method of operating a Code Division Multiple Access (CDMA) receiver for receiving and demodulating a coherent 
CDMAlna. including at least one user data channel and a separate pilot channel over a plurality of L ( L > or = 
2 °paths where the desired data channel is orthogonal to the pilot channel for a given path, the method comprising 
the steps of: 

at each of L path demodulators, estimating a data channel and a pilot channel from a CDMA signal received 
over one of the L paths and generating L-1 cancellation signals each to be used by a specific subtractor means, 



and 



at each of L subtractor means, subtracting the L-1 cancellation signals produced by different ones of the other 
L-1 path demodulators from the CDMA signal associated with that subtractor. 

23 The CDMA receiver of claim 1 further comprising 

Iwttch means for controlling the subtraction of one or more of the L-1 <»°^«^J£^^«^ 
of the L-1 cancellation signals being controlled as a function of a determined threshold level based on a pilot signal 
received in the associated data channel signal and variances thereof. 
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24. The CDMA receiver 01 claim 23 wherein the set of cancellation signals to be generated and subtracted is given by 
Eq (6). 
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